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Tom Newell, Basket Harvester and PFD Forester 

Chapter 1: The Purpose and Importance of an Ash Resource Inventory 
For many land managers and foresters, the goal to manage sustainably is often overarching many 

other goals and objectives. Sustainable management requires sources of information to make decisions 

based off. This information pertains directly to the resource they intend on managing. For foresters this 

data tends to come from forest inventories. Certain scenarios require a change in which forest inventory 

data is collected. For example, because ash in New England is typically a smaller component of the forest 

(less than 4-5% of all forestland in the state (FIA, 2018)), inventory techniques that undergo post 

stratification have been found to be successful in identifying rare species and are essential in being 

effective in your inventory approach of your ash resource. This manual can serve as the change and guide 

forest managers toward attaining the necessary data for formulating a management regime for their ash 

resource. The urgency to attain this data is apparent now, more than ever, and is explained throughout 

this chapter. 
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Emerald Ash Borer History 
In order to set the context for this inventory manual understanding the pressing issue of Emerald 

Ash Borer (EAB; Agrillus planipennis) is a key first step. Currently our ash resource in North America is 

either under attack or pending a potential attack by EAB, an invasive forest pest from Asia. EAB came to 

North America in 2002, presumably on packing materials such as wooden crates and pallets. It has 

devastated ash stands in the central lakes region of the country leading to, in some cases, one hundred 

percent mortality. Management of the pest is controversial, and the most effective techniques are 

expensive and difficult or impossible for commercial operations to effectively implement. Continued 

research on prevention, mitigation, and restoration of bƻǊǘƘ !ƳŜǊƛŎŀΩǎ ŀǎƘ ǎǘŀƴŘǎ ƛǎ ŀ ǇǊƛƻǊƛǘȅ ό5Ω!Ƴŀǘƻ 

et al, 2018; USDA APHIS, 2018; Haack et al, 2015).  

In the summer of 2002, EAB was first detected in central Michigan, and later in the same summer 

it was detected in Ontario, Canada. The infestation was assessed by the state of Michigan and they 

ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ ǘƘŜ ǇŜǎǘ ƘŀŘ ōŜŜƴ ǘƘŜǊŜ ǎƛƴŎŜ ǘƘŜ мффлΩǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ƛƴŦŜǎǘŜŘ ŀǊŜŀΦ .ȅ Wǳƭȅ 

and September of 2002, Michigan and Ontario had enacted quarantines on the affected areas. The United 

States Department of Agriculture responded to the discovery of EAB by enacting a federal quarantine on 

the affected counties of Michigan in October of 2003 (USDA APHIS, 2003) since the establishment of the 

federal quarantine it has expanded continually. It now includes 22 states in their entirety and specific 

counties of 12 states. (USDA APHIS, 2018). The last quarantine notice issued by USDA APHIS was on July 

26, 2018 when Wisconsin was put under quarantine in its entirety.  

It is important to note that the federal quarantine works domestically only, restricting the 

movement of particular restricted items of the Fraxinus family. Fortunately, Canada is also actively 

mitigating and limiting the impacts and spread of EAB so import of ash to the U.S. ŦǊƻƳ ǿƛǘƘƛƴ /ŀƴŀŘŀΩǎ 

federally set quarantine areas is not a huge concern currently. In September of 2018, the Maine Forest 

Service issued an emergency order that restricted the movement of certain ash (Fraxinus spp.)  products 

and or untreated firewood from towns that have had any EAB detection (MFS, 2018). This emergency 

order was put in place because the state of Maine was not listed in the federal quarantine area at the 

time of the detections. Shortly after the issuing of these emergency orders, USDA APHIS proposed the 

removal of the emerald ash borer domestic quarantine regulations. This was posted online for comment 

in Fall of 2018 and was open for comments until November 19th, 2018 (USDA APHIS, 2018). A quarantine 

is now in place for select counties in the state of Maine. York county in its entirety and a portion of 

Aroostook county are now under quarantine with restrictions on all ash products and hardwood firewood, 

these restrictions align with the standards set forth by USDA APHIS for the federal EAB quarantine. These 

quarantine areas are seen below in figure 1.1. 
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Figure 1.1 MaineΩs Current EAB Quarantine 
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(Data Source: MFS, 2018) 

Emerald Ash Borer Biology and Host Species 

Upon the arrival of EAB in North America research has been done to uncover the biology of the 

beetle. The finding show A. planipennis can complete a generation in just 1-2 years. The USDA Forest 

Service has found that eggs are laid in mid-June to late-August on the cracks and crevices of the ash trees. 

Two weeks after being laid eggs hatch and young larval beetles emerge. It is the larvae that do the majority 

of the damage to ash trees. They burrow into the cambium layer and feed on the nutrient transporting 

portion of the tree, the phloem. The intense feeding develops s-shaped serpentine feeding galleries that 

over time can girdle (preventing the transport of nutrients) and kill the ash tree. When larvae have been 

given enough time to grow and develop they fold up into pupation cells. Some less developed larvae 

simply overwinter in the feeding galleries and resume feeding when sap begin to flow in the ash tree the 

next growing season. Larvae in the pupation cells obviously pupate. This occurs in April-May of the next 

year and transform into adult beetles (USFS, 2018).  

It is ƴƻǿ ǘƘŀǘ ǘƘŜ ŀŘǳƭǘ ōŜŜǘƭŜǎ ōƻǊŜ ǘƘŜƛǊ ǿŀȅ ƻǳǘ ƻŦ ǘƘŜ ŀǎƘ ǘǊŜŜ ŎŀǳǎƛƴƎ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ά5έ 

shaped exit holes. Emerged adults are small in size being less than 0.5 inches in length (Kanoti, 2019). As 

adults, the feeding within the tree does not occur. Instead, some defoliation of the leaves can occur. But, 

as adults their primary focus remains with reproducing and laying eggs on the bark of ash trees to restart 

the life cycle (Wang, 2007; USFS, 2016). During this process the ash tree can show signs and symptoms 

forest managers can take notice of and potentially catch the infestations earlier rather than later and 

manage accordingly.  

[ŜǘΩǎ start with the signs. Signs refer to clues and indicators that point to EAB and EAB only, as 

they are a direct result of the ǇŜǎǘΩǎ activity (Livingston).  For EAB, ǘƘŀǘ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ά5έ 

shaped exit holes, s-shaped serpentine feeding galleries, actual (positively identified) individual insects, 

and any egg mass that have been identified as EAB egg masses (USFS, 2016).  
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Then it comes to symptoms that might 

be attributed to EAB or an alternative cause. We 

are referring to the biological responses of the 

tree and its environment to the EAB attack. The 

important thing to consider here is that these 

symptoms do not absolutely point to an EAB 

infestation. TƘŜȅΩǊŜ ǎǘƛƭƭ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ŀƴŘ 

be on the lookout for in terms of forest health 

and monitoring for EAB. The symptoms include 

canopy die-ōŀŎƪ ŀƴŘ άŦƭŀƎƎƛƴƎέ (premature 

yellowing of the leaves) due to the added stress 

of defoliation from EAB adults and the lack of 

nutrient transport due to EAB larval feeding. 

Excessive sprouting at the stump of the ash tree 

is another symptom. This is the biological 

response of the ash tree when stressors lead to 

a decline in the health or vigor of the tree. 

Unfortunately, these sprouts rarely survive to a 

seed bearing size before EAB has infested it 

(Petrice and Haack, 2011; Herms and 

Mccullough, 2014)). In addition to that 

detriment the ash seeds do not bank in the soil 

very long either (Benedict, 2003). So, it is unlikely 

that EAB will have left the area before what little 

ash seed source is available begins to sprout. 

Lastly, the most effective observation for the 

indication of EAB presence is the observation of 

what is known as blonding of the main stem. This 

occurs due to wood pecker activity which 

increases drastically when EAB is present. 

Blonding tends to occur higher up the tree and 

slowly work its way down as the infestation 

progresses. Blonding is characterized by a lighter 

reddish coloration on the bark from this 

increased wood pecker activity. But, when the 

tree is in serious decline this wood pecker 

activity progresses to the point of exposing the 

inner cambium of the ash tree. The earliest 

detection of EAB is often done through 

observation of woodpecker activity. (Liu, 2007; 

USFS, 2016). The spread of EAB is observed to be 

around 2-5 miles per year. But, studies show that 

Woodpecker damage on white ash tree 
(Fraxinus Americana) causing blonding.  

Die-back being observed on 
canopy dwelling white ash trees 

(Fraxinus Americana). 

Characteristic άDέ shaped exit 
hole with emerging adult EAB. 

Steven Katovich, USDA Forest Service, Bugwood.org 

Art Wagner, USDA ς APHIS, Bugwood.org 

Debbie Miller, USDA Forest Service, Bugwood.org 

Figure 1.2 
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the transport of firewood greatly increases the 

rate of spread (Kanoti; Daigle). On a positive note 

studies have begun to show genetic tolerance or 

resistance to the EAB infestation in some (1%) 

heritable genes of some white ash individuals. 

This genetic resistance is a future direction for 

research (Kanoti). 
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Background information on Ash species (Fraxinus spp.) 
 

When managing a natural resource knowing the function and biology of that resource in its 

natural setting is essential to achieving sound management and silviculture. There are three ash (Fraxinus) 

species found in Maine. The White Ash (Fraxinus Americana), green ash (Fraxinus pennsylvanica), and 

black ash (Fraxinus nigra). White ash is the primary upland ash in the state where as black and green ash 

are the lowland ash species, occurring on flood plains, outwash plains, and shallow depressional wetlands 

across the state (WDNR, 2018). 

The distribution of these ash species in the state of Maine varies species to species but overall ash 

tends to be most prevalent along a broad band across the state from the southernmost tip to the eastern 

half of the state as depicted above in figure 1.1 

as ά!ǎƘ Iƻǎǘ wŀƴƎŜέ όƛƴ ƎǊŜŜƴύ which uses the 

average measured basal area of all ash species 

to map the range for ash species in the state. 

This distribution is presumably driven by soil 

characteristics and climatic variables. But, white 

ash in particular is a fairly versatile species as it 

can thrive in a variety of settings restricted 

mostly by soil nutrient levels. White ash was 

commonly used, second only to green ash, as a 

replacement species for many of the 

ornamental elms that fell victim to Dutch elm 

disease for that reason (USDA, 2017).  

When it comes to proper identification 

of these trees I find that the Forest trees of 

Maine book, put out by the Maine Forest 

Service, does a great job of singling out the 

characteristics that set the three species apart 

as well as set them apart from different families 

of forest trees in Maine; the essential excerpt 

from this publication has been scanned and 

added to the appendix of this manual.  

All three of the ash species in Maine are dioecious plant specimens meaning that they require a 

male and female counterpart to successfully reproduce. Dioecious plant specimens can be observed as 

either a female (seed bearing individuals), male (individual having only male flowers), or polygamous 

individuals (bearing seed and having male flowers). A polygamous individual can successfully reproduce 

without the need of another individual, the seed produced would be genetically identical (Benedict, 2003). 

 Seeds can actually serve as a great way of distinguishing among the ash species a publication by 

Les Benedict outlined the propagation process for seed collected from brown ash and included a great 

diagram and information on distinguishing the άƻŀǊέ ǎƘŀǇŜŘ samaras of the three ash species; see figure 

1.2 

Figure 1.3 
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The scientific community is realizing their lack of understanding of many of the ash species, 

primarily the brown ash species. The brown ash species is the only ash species native to Maine that is 

essential in the traditional basket making practices of the Wabanaki people. The need to further our 

understanding of the brown ash species is a high priority as it is susceptible to invasion by EAB and is 

preferred during over the other two species (Seigert). The lack of knowledge on the species is largely 

because brown ash has not been viewed as an economically valuable species, in terms of timber 

production. For this reason, funding tended not to be used on brown ash research. Furthermore, the sites, 

in which brown ash tend to grow, are very mesic or wet. In some cases, to the point of inoperability for 

commercial harvest. Additionally, there tends not to be any species of value mixed in these stands as the 

sites tend to be characterized as less productive primarily due to their extended periods of water 

ƛƴǳƴŘŀǘƛƻƴ ό5Ω!ƳŀǘƻΣ Ŝǘ ŀƭ нлмуύΦ 

 

Cultural Significance of Ash 
 

Here in the state of Maine, the Native American tribes that are federally recognized refer to 

themselves collectively as the Wabanaki nations. This is because of the shared history between all the 

Wabanaki tribes. No matter the tribe, whether Penobscot, Passamaquoddy, Maliseet, or Micmac they 

have a connection that bonds them closely to their identities individually and as a group. One core 

connection is their spiritual identity as it refers to their creation story. The Wabanaki people share stories 

that have been told and retold for generations. A heroic figure that has stayed constant in them is Gluskap. 

The Wabanaki refer to him as one of them and he is a powerful and wise being. In their creation story, 

Gluskap comes to North America before any natives inhabited the area and fires his bow and arrow at the 

άtrees, the basket-ǘǊŜŜǎΣ ǘƘŜ !ǎƘΦ ¢ƘŜƴ LƴŘƛŀƴǎ ŎŀƳŜ ƻǳǘ ƻŦ ǘƘŜ ōŀǊƪ ƻŦ ǘƘŜ !ǎƘ ǘǊŜŜǎΦέ ό²ƻƻŘΣ нлмтύΦ  ¢Ƙƛǎ 

tight connection between their creation and brown ash trees establishes the ash tree as part of who they 

are and as a culturally significant species to the Wabanaki people (Wood, 2017). But, the importance of 

this tree to them is even greater and hence considered a cultural keystone species.  

For generations, the Wabanaki people have been using the brown ash and its particular special 

properties to make baskets. The production of a brown ash basket is truly an art starting with just the 

selection of a true basket quality ash tree in the forest (Greenlaw). Every generation of Wabanaki basket 

makers have taken the time to teach younger generations the art of basket making, and all the steps 

involved. This format of building knowledge and understanding forces those engaged to develop an 

unprecedented knowledge of the brown ash tree and serve as true stewards to ash species. 
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Background Information on Basketry 
The art of basketry by the Wabanaki people has evolved over many generations. In terms of this 

inventory manual there are some essential aspects of the basket making process that should be known. 

Traditionally you have two key individuals in the development of a basket the harvester and the basket 

maker, in some cases one individual completes both of these tasks. The harvester enters an ash stand and 

assesses the area as well as the individual trees. Their assessment allows them to identify basket quality 

brown ash (BQBA). The stands hydrology, topographical setting, and species composition all appear to be 

significant factors in the determination of a BQBA site (Costanza et al.,2017). When they look at the 

individual trees they will assess their form, health, and annual growth increment which are all attributes 

that are significant in classifying a tree as a BQBA. These standards however are particular to each 

individual basket maker and ǘƘŜȅΩǊŜ difficult to determine without years of experience in the art of 

basketry. When determining whether a site is up to BQBA standards as a forester the best we can do at 

this point are use a few rules of thumb; you can use these few questions to assess them (Greenlaw; 

Newell). 

¶ Is the diameter distribution shifted toward smaller diameters that would enable most individuals 

to carry 8-10 foot logs over their shoulder to a nearby accessible road?  

¶ Are the stems straight and true or are there many defects and sweep associated with the ash on 

the site?  

¶ In terƳǎ ƻŦ ǎƛǘŜ ƘȅŘǊƻƭƻƎȅΤ ƛǎ ǘƘƛǎ ǎƛǘŜ ǾŜǊȅ άǎǿŀƳǇȅέ ŀƴŘ ŦƭƻƻŘŜŘ ŦƻǊ Ƴƻǎǘ ƻŦ ǘƘŜ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ 

or is the site draining fairly well and serving more as a flood plain or outwash area?  

If the answer to the first two is yes ŀƴŘ ǘƘŜ ƘȅŘǊƻƭƻƎȅ ƛǎ ƴƻǘ άǎǿŀƳǇȅέΣ ǘƘŜn notifying basket makers 

or harvesters of the sites location can help promote the continuation of the cultural art of basketry. Basket 

quality brown ash sites are the areas your management will likely work to protect and maintain so 

identifying and monitoring them is essential. Because these BQBA sites are hard to identify this area is a 

future direction for research. {ŜŜ ǘƘŜ ŀǇǇŜƴŘƛȄ ƛǘŜƳ ά{ǳȊŀƴƴŜ DǊŜŜƴƭŀǿΩǎ wŜƳƻǘŜ {ŜƴǎƛƴƎ ²ƻǊƪέΦ For 

now, once a brown ash corridor is identified using stage 3 of this inventory use the above questions to 

identify whether or not it is a potential BQBA site and then have a basket maker or harvester check it out 

and see what their opinion is. When communication like this occurs, it can be very beneficial to the 

forestry department from a public relations standpoint but also it is the best way to acquire traditional 

ecological knowledge or TEK on basketry to help guide your management decisions. 
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Management Options 
 

This section is a brief overview of some of the more widely accepted management regimes being 

applied on ash stand to combat or improve a stands resilience to an EAB infestation. These are not 

recommendations; in the case of any such recommendation a professional licensed forester should be 

consulted in regard to any particular ǎǘŀƴŘΩǎ management. A forester should always have the best interest 

of the land owner in mind as well as stay true to their ŜǘƘƛŎŀƭ ƻōƭƛƎŀǘƛƻƴ ǘƻ ǊŜǎǇƻƴǎƛōƭȅ άƳŀƴŀƎŜ ƭŀƴŘ ŦƻǊ 

ŎǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎέ (SAF Principals and Pledges). Forecasting the impacts of EAB on our ash 

resource can often times push landowners toward a salvage or pre-salvage prescription. Although this can 

be sustainably done, the underlying issue is the potential loss of an ash species on the woodlot and 

creating greater impacts than the insect itself if harvests are not carefully planned. It is the responsibility 

of the forester to push for maintaining some component of ash for its importance and contributions to 

biodiversity, ecosystem services, cultural practices, and aesthetics. 
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Paul Wray, Iowa State University, Bugwood.org 

Upland Ash Stands 
 

Upland ash stands are generally composed of white ash (Fraxinus americana). In Maine a majority 

of our ash timber is used for fuel wood, pulp wood, and lumber. Being a commercial species its loss on 

the landscape can have serious financial implications. Managing your ash resource ahead of EAB can 

better prepare your ash stand for an EAB invasion. It has long been accepted by many that reducing host 

abundance and transitioning your upland ash stand to some other commercial species was the best 

option. But, this technique fails miserably at controlling local EAB populations. This can clearly be seen as 

this technique has been in practice since the arrival of EAB in the US, and yet the continual spread of EAB 

across the northeast makes it safe to say, ά36 states later...it hasnΩt workedέ (Damato). This technique has 

worked for the management of other forest pests and perhaps that is the reason it continues to be 

implemented on ash stands or maybe it is because of the alarming findings of nearly 100% ash mortality 

following an EAB invasion. Where entire ash stands are survived only by a few scattered άlingeringέ ash 

trees (Knight et al., 2013). Until recent, the only glimmer of hope for those άlingeringέ ash trees was that 

they displayed some degree of genetic resistance to EAB. Now, with findings by Molly Robinett and 

Deborah Mcullough the future is brighter. Robinette and Mcullough returned to the epicenter of the EAB 

invasion in southeast Michigan for inventory of the EAB aftermath forests that were previously dominated 

by ash. They found, on average across 28 different sites, that 75% of the white ash they inventoried were 

alive and in good health.  Almost all of the white ash encountered had evidence of previous colonization 

of EAB with presence of feeding galleries, exit holes, and wood pecks. But, these damages to the tree were 

healing or were healed naturally by the tree with the production of callus tissue or periderm tissue re-
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establishing cambial integrity. There were even findings that suggested a strong potential for the 

recruitment of lower strata white ash into the overstory in these after math forests (Robinett and 

Mccullough, 2019). These findings show there is a promising potential survivorship with white ash, that 

can work to maintain an ash component on the landscape post-EAB. With this updated information 

experts are now pushing for landowners to maintain an ash component as it can increase management 

options down the line. As more silvicultural trials are performed on these EAB aftermath forests this new-

found white ash survivorship can establish a brighter future for our ash resource. In the case of converting 

to an alternative species through the reduction of your stands ash component, this region of the country 

is at a great advantage. In Maine its particularly common to have a few replacement options available at 

a single site due to the high level of self-regeneration in the Maine forest (WDNR, 2018;Livingston). 

Artificial regeneration is another option, bǳǘΣ ŀƎŀƛƴ ŘǳŜ ǘƻ aŀƛƴŜΩǎ ŀōƛƭƛǘȅ ǘƻ rely on natural regeneration 

there really is no need for artificial regeneration in these upland sites. The silvicultural techniques for 

promoting the alternative species can be achieved in a variety of ways such as an overstory removal, 

coppice, seed tree, or clear-cutting techniques for even-aged/two aged scenarios to single tree selection 

or group selection methods in pattern variations of strips, patches, etc. for the cases of multi-aged 

silviculture (Ray, 2019). The key to success in these active management approaches to EAB is early active 

management. If you are not ready to introduce this alternative species to the canopy or preemptively 

manage your ash resource to better aid in the survivorship of upland ash. Then when EAB comes through, 

the overall health and balance of the stand will feel the negative impacts of the infestation far more than 

if you are ready and actively managing to prepare for the arrival of EAB (WDNR, 2018). To further push 

away from the reduction in host abundance technique the reduction or elimination of an ash component 

in the forest has significant negative impacts due to the loss of the ecological benefits that having white 

ash present in an upland forest community provides. At the very least it provides species diversity. 

Because of those benefits as well as the potential genetic resistance to EAB found, in some cases, in 75%-

90% of white ash, as suggested by Robinett and Mcculloughs study. The reduction should not eliminate 

the species entirely from the stand.  At the very least, mature seed-bearing individuals should remain 

scattered throughout the stand if possible as legacy trees. 
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Lowland Ash Stands 
 

The management of lowland ash stands is quite a bit more challenging. You tend to only have 

brown and green ash occurring on these sites due to their hydrology and site conditions. As previously 

mentioned black and green ash are the lowland ash species, occurring on flood plains, outwash plains, 

and shallow depressional wetlands across the state (WDNR,2018ύΦ ²ƘŜƴ ȅƻǳΩǊŜ ŘŜŀƭƛƴƎ ǿƛǘƘ ǘƘŜǎŜ ŀǊŜŀǎ 

you need to be aware of the hydrological features that surround you both from a regulatory standpoint 

and as well as an ecological standpoint. These features will also help guide your management decisions. 

Stage 3 of this inventory will focus on these areas and give you a well-rounded inventory from which to 

base management decisions.  

In Wisconsin these habitats are broken into two cover types, bottomland hardwood and swamp 

hardwood. This designation is based on hydrology and species composition. Bottomland hardwoods 

ŜȄǇŜǊƛŜƴŎŜ άǳƴǊŜǎǘǊƛŎǘŜŘ ŦƭƻƻŘ ǇǳƭǎŜ ŜǾŜƴǘǎέ ŀƴŘ ŀǊŜ ŘƻƳƛƴŀǘŜŘ ōȅ ǎƛƭǾŜǊ ƳŀǇƭŜΣ ōƛǊŎƘΣ ŀƴŘ ƎǊŜŜƴ ŀǎƘΣ 

with varying densities of brown ash. Swamp hardwood cover types typically experience an extended 

hydroperiod and are characterized by a low site productivity. These sites are often times dominated by 

brown ash (WDNR,2018). In either case the main purpose of management strategies for these cover types 

is to convert the stand from a mainly brown ash canopy to some alternative species in hopes of increasing 

its resilience to an EAB attack, another reduction in host species approach (WDNR,2018).  
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In Wisconsin, following the EAB invasion on the lake states, a series of experimental silviculture 

trials were executed. One focus of these trials was to find regeneration methods that were successful in 

promoting non-ash species. The most successful strategies for natural regeneration of bottomland 

hardwood cover types were one-cut shelterwood/overstory removal methods (OSR), and uniform 

shelterwood (SW) regeneration methods for cases where the desired conversion species has a shade 

tolerance of άmid-tolerantέ. Low intensity group/patch selection methods were seen to be very ineffective 

in terms of seedling establishment when done on either cover type. For that reason, it is suggested that 

if that method is chosen, group or patch sizes should be quite large. 0.5-2.0 acres and 0.1 to 0.5 acres 

respectively (WDNR, 2018). Swamp hardwood cover types are a bit more troublesome as there tends to 

be a risk of an observed rise in the water table following the harvest/mortality to brown ash. This is due 

to the ecological niche that brown ash is filling. Brown ash has hypertrophied lenticels that allow if to 

function at a much higher rate of evapotranspiration (ET). This high rate of ET, especially in stands 

dominated by brown ash, can be so influential on the water table throughout the season; that without its 

influence a significant increase in the water table is observed (Slesak et al.,2014; Van Grinsven et al., 2017). 

¢Ƙƛǎ Ŏŀƴ ƴŜƎŀǘƛǾŜƭȅ ƛƳǇŀŎǘ ǘƘŜ ǎǳǊǾƛǾƻǊǎƘƛǇ ƻŦ ŀƴȅ ŀƭǘŜǊƴŀǘƛǾŜ ǎǇŜŎƛŜǎ ƻƴ ǘƘŜ ǎƛǘŜ ό5ΩŀƳŀǘƻ et al., 2018; 

WDNR,2018). Because of this issue, management strategies need to limit the impacts that a loss in ET can 

have on a sites water table. 

The most successful strategy for natural regeneration of an alternative species in stands where 

this issue is possible appears to be strip clear-cuts/coppice methods which are also known as strip 

ǎƘŜƭǘŜǊǿƻƻŘ ό5ΩŀƳŀǘƻ et al., 2018). The other issue with these sites is that because of the flooding, pulsed 

or not; the suite of species that can serve as an alternative are limited. In these cases, artificial 

regeneration can sometimes be the only option. A study done in Minnesota observed good seedling 

survival following planting in small group selection openings. In addition to that success they observed no 

significant increase in the water table following the establishment of the openings (Looney et al.,2015). 

When it comes to artificial regeneration there are many other approaches though. 
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Ron Routledge, Sault College, Bugwood.org 

Seed Collection and Artificial Regeneration 
 

Regarding the urge to sustain our ash resource in to perpetuity we can use a method called seed 

banking. By placing ash into a seed bank, or germplasm repository, then our ash species can be put into 

remediation/replanting strategies or experimentation of hybridized individuals in hopes that we may 

develop a hybrid ash species that can naturalize and show some defense or genetic resistance to emerald 

ash borer. Because of this potential future direction, research on how to effectively collect seed, store 

seed, and germinate seed is needed. Ash trees are polygamous as previously mentioned. This means some 

trees are female only and bear seed on all mature branches; some trees are male only and bear no seeds 

on any of their branches; then there are polygamous individuals that bear male flowers on certain 

branches as well as seed bearing branches, expressing female reproductive components (Benedict, 2003). 

This can make seed collection more difficult. Like the other topics surrounding ash there was a lack of 

knowledge in the field of seed collection and the seed germination of ash species, which forces us to start 

from square one. Many of the studies that have focused on seed collection have worked with ornamental 

white ash trees in residential areas. The crown structure of these trees aids to the ease of seed collection 

with low hanging, seed-bearing branches. In general, it appears white ash can more commonly have these 

low hanging, seed bearing branches whereas green and brown ash typically have higher crowns that 

generally never have these lower seed-bearing branches.  

Because of this issue, experiments have looked at various strategies for collecting seed of brown 

and green ash trees. Strategies include small seed cages that are manually installed and checked later by 

tree climbers (Neptune). Experiments also are looking at long pruning brushes, commonly used in arborist 

work, to cut seed-bearing branches for collection on the ground. There are even attempts of catapulting 

sand bags up and over large branches, using a variety of launching mechanisms. Then shaking the rope 
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that is looped over the branch vigorously to dislodge mature seeds for collection as they fall to the forest 

floor (Ellis, 2006). Dave Ellis, a Plant Geneticist in the Plant Genetics Resources Preservation Program at 

the National Center for Genetic Resources Preservation. Has produced an excellent document 

recommending the best ways to collect ash (Fraxinus) seed. I recommend this document be referenced 

before collecting any seed.  

A huge potential threat discussed by Dr. Ellis in this document is the unintentional collection of 

seed infested with fungus or disease. The infested seeds can infect other seeds in the seed stock of many 

of these ash germination programs. Partnering with these programs can make your effort more effective. 

Its programs like this that make artificial regeneration possible. Brown and green ash or even white ash 

for that matter are not typical nursery stock due to their low economic value in comparison to other 

species. This requires research and trial and error for determining how to produce nursery stock for ash 

species. Les Benedict is a leading brown ash researcher with ties to the Saint Regis Mohawk tribe of New 

York state. In the appendix of this manual there is a write up he has made on the collection and 

germination of brown ash seed (Appendix 13). The process is in depth and alludes to the precision science 

behind successfully germinating a brown ash seed.  

The planting of these trees can be challenging due to the high-water table associated with these 

sites. Due to the intense effort and resources associated in creating brown ash seedlings an inventory of 

microsites/microtopography or pits and mounds at various sites can be extremely helpful in successful 

artificial regeneration. It is also very useful to take note of the degree of herbivory at each site. It is 

important to select a sites where animal browse is less likely to cause issues. Nate Seigert, the USDA Forest 

Service entomologist, has spent many years studying and researching EAB since its arrival in North 

America. He notices that snags and blowdowns of ash and non-ash species following an EAB attack can 

create temporary deer exclusions around ash regeneration. In areas where these natural exclusions do 

not occur implementing a variety of man-made deer exclusions can be effective. Many studies that have 

explored this topic have looked at planting alternative non-ash species. Because of the ecological niche 

that brown ash is filling within these lowland sites, trying to determine the best species to replace it is an 

impossible task. Studies have looked at a variety of different species and the best results were observed 

using containerized spruce and white pine seedlings. But, yellow birch was seen to be an affective under-

planting species (Haugen et al. 2016). The Wisconsin Department of Natural resources has created a 

checklist for evaluating lowland ash stands (Appendix 3) and it does an excellent job of out lining the 

ǾŀǊƛƻǳǎ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎƛŜǎ LΩǾŜ ƳŜƴǘƛƻƴŜŘ ƘŜǊe in this section and provides some additional insight 

into their efficacy. There is much more research needed for developing specific strategies for effective ash 

seed collection as well as the artificial regeneration of ash and non-ash species in these EAB impacted 

forests. 
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USDA Aphis 

Biological Controls 
 

USDA APHIS proposed the removal of the emerald ash borer domestic quarantine regulations. 

This was posted online for comment in Fall of 2018 and was open for comments until November 19th, 

2018 (USDA APHIS, 2018). The reasons for lifting this quarantine appears to point toward a focus of 

program funds and resources on developing and administering bio-controls. Biological controls for EAB 

utilize five parasitoid wasps. One of these parasitoids is native to North America and is very effective at 

attacking EAB. Unfortunately, a majority of the state of Maine is too far north and out of the range of this 

parasitoid wasp. Three of the wasps (Spathius agrili, Tetrastichus planipennisi, and Spathius galinae) are 

larval parasitoids from Asia. They co-evolved with EAB and for that reason attack and help to control their 

populations in Asia.  These larval parasitoids lay their eggs inside the EAB feeding galleries using their 

ovipositors. Trees with thicker bark do not allow wasps with smaller ovipositors to lay their eggs. Once 

hatched they feed on the larvae of the borer in order to develop into an adult parasitoid. All of these 

wasps are under question in terms of their efficacy in colder temperatures.  

All of these wasps are similar, but they differ in two areas. Their observed success in colder temps 

and the length of their ovipositor. The colder temperatures appear to effect S. galinae. This is fortunate 

for Maine as this wasp is also one with a larger ovipositor that can successfully lay eggs in the ash trees 

with thicker bark. However, the extent of this waspsΩ northern range is not confirmed to reach across the 

state in its entirety yet.  The only other parasitoid currently approved by the USDA for use as a bio-control 

for EAB is Oobius agrili, an egg parasitoid. Egg parasitoids lay their eggs within the egg masses of the borer. 

The waspsΩ larvae overwinter in these egg masses feeding on the EAB larvae and emerging in the spring. 

In Asia, these wasps have been observed to parasitize 60% of EAB eggs. Many believe the best strategy 

for combatting EAB with bio-control agents is to utilize both an egg parasitoid and a laval parasitoid. The 

range of O. agrili has not been confirmed to include the state of Maine (USDA, 2017; Kanoti; MFS, 2018). 

Nate Seigert spoke in Littleton, Maine at an EAB meeting about bio-control agents in April, 2019. He 

mentioned a newly discovered Oobius species of wasp in Russia that would likely have a northern range 

and be able to withstand the colder temperatures of Maine. However, he, much like everyone else, he is 

a bit skeptical about the application of an invasive species to control the population of another invasive 

species. There are more examples in history where this strategy has gone wrong than there are examples 

of it being successful. This is an important consideration when deciding if bio-controls are a viable option 

on your ash stand. If it is a preferred management direction Seigert explained that these biological control 

agents are administered to state agencies from a rearing facility in Brighton, Michigan. Landowners within 

those states need to be in contact with their state agency, the equivalents of the Maine Forest Service. 
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They will provide you with information on bio-controls and a set of site evaluation criteria in order to 

obtain a local land use permit for introducing the wasps. Because this program is not in operation here in 

Maine these requirements are not clear currently and the process could be slightly different when the 

program is established. Staying in contact with the state entomologist and the Maine Forest Service as it 

is developed is the best course of action currently.  

The USDA has a publication available for the EAB biological control release and recovery 

guidelines for 2017-2018 available online at the following link: 

https://www.aphis.usda.gov/plant_health/plant_pest_info/emerald_ash_b/downloads/EAB-

FieldRelease-Guidelines.pdf 

This publication outlines some of the site evaluation criteria landowners are required to provide 

to get approval for the release of parasitoid wasps on their woodlot. All of these criteria are addressed in 

this inventory manual. They include some general site characteristics, a percent composition and diameter 

distribution of ash species, an estimation of the density of EAB infestation. The density of infestation 

estimation is based off of monitoring efforts for EAB signs and symptoms, something all forest managers 

should be doing regardless as to whether bio-controls are management option. To aid in establishing that 

estimation of infestation they provide the following parameters. 

Table 1.1 

Rating None Low Medium High 

Degree of 
Infestation 

No confirmed EAB 
signs or 
symptoms have 
been observed. 

EAB signs and 
symptoms 
confirmed, but 
difficult to find. 

Trees are 
beginning to show 
frequent signs 
and symptoms of 
EAB. 

Greater than 25% 
of ash trees are 
showing signs and 
symptoms of EAB 

 

This is a useful table for deciding the relative intensity of your EAB infestation. There is site 

assessment data that this manual includes regarding bio-controls that the USDA guidelines do not require. 

That being an assessment of the dominant shrub layer species in the brown ash corridors. This is partly 

due to the need of a high sugar resource, commonly found in shrub species in Asia, for many of these 

parasitoid wasps (Hassett, 2015). Bio-controls can be effective and may be the best option for sustaining 

our ash resource into the future. Implementing this manual in managing EAB populations and this manual 

will provide you the necessary data for getting enrolled into EAB biological control programs. 
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David Cappaert, Bugwood.org 

Insecticides 
Insecticides can be effective in controlling local EAB populations and protecting the more valuable 

ash trees, even large diameter ones. However, some insecticides on the market are more effective than 

others. This section introduces some of the insecticide treatments available today and answers some 

common questions associated with EAB insecticide treatments. 

  As always, with insecticide chemicals, following the application directions on the bottle or 

packaging of the chemical is necessary to achieve desired results. Insecticide treatments are costly and 

should only be done when EAB is confirmed in the stand. In general, it has been thought that there is no 

need to apply insecticide when EAB is not around, it is a waste of money. However, Insecticide treatments 

can occur in advance of EAB infestations; in hope to lessen the impact on larger seed-bearing individuals. 

Following this early application of insecticide, and once EAB has arrived in the ash stand, a release of bio-

control wasps is being looked at as a potential long-term management method for EAB populations. 

Insecticides can be a pollutant, but, fortunately the more successful injected systemic insecticides are not 

observed to enter the surrounding soil or pollen of treated ash trees and therefore is not a serious concern 

(Deborah McCullough). However, basal applications, soil drenches,  or cover sprays of these chemicals are 

subject to drift and can adversely affect the environment and other insects in the area, and could 

adversely affect pollenators. Some studeies suggest that the use of many of these chemicals is linked to a 

decline in honey bee populations in the central part of the country.  In the case of brown ash trees, their 

associated wetland complex is at high risk of pollution from these treatments. Local regulations may 

prohibit this management strategy on brown ash stands for that reason. Les Benedict, a member of the 

Saint Regis Mohawk tribe in upstate New York, has stated that the Mohawk tribe will not utilize insecticide 

treatments on their brown ash stands due to this risk of pollution in their associated sensitive wetland 

areas. The Mohawk tribe may be open the use of the less problematic, injected systemic insecticides. It is 

also important to note that some of the chemicals mentioned in this section may not be accepted in all 

states. Contacting your local arborist or state agency to determine the acceptance of some of these 

chemicals may be necessary. If the crown of your ash tree is showing greater than 50% die-back, then it 

is not recommended that insecticides be used on it. This is because majority of the chemicals being used 

to treat EAB are systemic insecticides that require the tree to move the chemical throughout its vascular 
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ǎȅǎǘŜƳ ǘƻ ǊŜŀŎƘ 9!. ŀŘǳƭǘ ōŜŜǘƭŜǎ ŀƴŘ ƭŀǊǾŀŜΦ ¢ƘŜȅΩǊŜ ŜƛǘƘŜǊ ƛƳǇŀŎǘŜŘ ǿƛǘƘƛƴ ǘƘŜ tree (i.e. feeding 

galleries) or via consumption of foliage containing the insecticide chemical. A tree with significant die-

back will not translocate the insecticide chemical at a high enough rate to achieve the necessary level of 

effectiveness to protect the tree from EAB. These are all impacts and consideration you need to address 

before administering insecticide treatments on your ash stand.  

A common concern is the cost and benefit of insecticide treatments. Many of the more effective 

treatments tend to be costlier and along with that cost they require application to be done by a licensed 

professional. The costs for application by a licensed professional vary from contractor to contractor and 

region to region.  For that reason, it is difficult to determine a specific cost associated with EAB insecticide 

treatments. There are online cost estimators for EAB insecticide treatments. The Urban Tree Alliance has 

a cost estimator that uses a measure of a trees circumference to determine the cost to remove that tree 

as well as to treat that tree with insecticide, allowing landowners to make informed decisions on how to 

manage their ash resource. In all cases the calculator shows that the cost of insecticide is lower than the 

cost of removal. Many studies affirm that claim, having shown in landscape or residential settings, using 

a variety of insecticide chemicals, that the cost associated with bi-annual insecticide treatments (typically 

every 2 years, but in some cases 3-4 years) is less than the costs associated with removing and replacing 

trees. However, over time repeated bi-annual treatments will eventually exceed the costs of removing 

ǘƘŜ ǘǊŜŜΦ ¢ƘŜ ¦Ǌōŀƴ ¢ǊŜŜ !ƭƭƛŀƴŎŜΩǎ ό¦¢!ύ ά9!. Ŏƻǎǘ ŎŀƭŎǳƭŀǘƻǊέ ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ŀ нл ƛƴΦ 5.I ŀǎƘ ǘǊŜŜ ǿƛƭƭ 

cost $200.00 to treat with insecticide and cost roughly $1045.00 to remove, assuming no revenue is 

generated from the harvest of the tree. The difference in cost establishes that it would take 10 years of 

bi-annual treatments of the insecticide to equal the costs of removing the tree. It also states that the 20-

inch ash tree would provide $198 annually in beneficial ecosystem services, this is an important 

consideration.  A link for the EAB cost estimator is provided below. Before considering insecticides, I 

recommend getting a quote from a local arborist. This will allow you to better budget the cost associated 

with insecticide treatments. 

How practical is treating a stand of ash though? In the case study for this manual, seen as appendix 

item 1, the area for which stage 3 of the inventory occurs is known as a brown ash corridor. It is an area 

where brown ash is confirmed and likely to be occurring in high density. The results from data analysis of 

the stage 3 inventory associated with the case study, returned that the brown ash corridor was 2.6 acres 

in size and had 178 ash trees recorded, mostly brown ash but a large amount of white ash as well. This 

gives you roughly 68 ash trees per acre in the corridor. The average DBH among those trees was calculated 

to be around 8 inches. !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ¦Ǌōŀƴ ¢ǊŜŜ !ƭƭƛŀƴŎŜΩǎ 9!. Ŏƻǎǘ ŎŀƭŎǳƭŀǘƻǊ ŀƴ 8-inch DBH ash tree 

cost $79.00 to treat with insecticide. This cost is seen every two years for retreatment purposes. Below, 

organized in table 1.2, I have organized the bi-annual costs associated with treating an ash stand based 

on the case studies principal, 2.6 acre, brown ash corridor.  

Table 1.2 

Total Ash Recorded Ash Recorded/Acre Bi-annual Cost to Treat Stand ($) Bi-annual Cost to Treat/Acre ($) 

178 68.46 $14,062.00 $5,408.46 
*Based on an 8 inch as tree. Costs calculated using UTA: EAB cost calculator. 

Because Insecticides have been shown to be effective in combatting local populations of EAB and 

preserving high value ash trees, the market has been flooded with a variety of options that utilize one or 

a combination of two of the nine different active ingredients that have been proven to be effective in 



21 
 

treating ash trees against EAB impacts. Many of the studies that have assessed the efficacy of these 

various active ingredients have claimed that emamectin benzoate is the most successful.  It does still 

require bi-annual application to the tree, through trunk injection by a licensed professional which can 

have varying associated costs. The North Central Integrated Pest Management Center (NCIPMC) has a 

publication available online that provides a lot of detail on EAB insecticide treatments (Appendix 13) It 

can be accessed at the following link: 

NCIPMC publication: 

http://www.emeraldashborer.info/documents/Multistate_EAB_Insecticide_Fact_Sheet.pdf 

UTA EAB cost calculator: 

https://www.urbantreealliance.org/eab-costs/ 

 In the NCIPMC publication there is a table (provided below) that list the insecticide options 

available to home owners and licensed professionals. Some of these chemicals, but not all, have been 

observed to consistently and effectively protect ash trees from EAB during periods of high insect pressure. 

Reference the publication for additional details on these options.  

Table 1.3 
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For each of the insecticide options available, the application method is provided. For home 

owners that choose not to hire a professional, options include soil drenches, injections or granules. Studies 

indicate varying results with these methods, in some cases no positive impact was observed. The trunk 

injections appear to be the most effective with treatments lasting anywhere from 1-3 years (3 years is 

beginning to be the standard) depending on the insect pressure and product selected. These systemic 

injected pesticides also come in basal bark applications. These varieties are much more soluble and for 

that reason the potential for pollution is greater. With that being said, the efficacy of the basal bark 

varieties is similar to that of the injected systemic pesticides. Cover sprays also vary in efficacy dependent 

on insect pressure and product selection. Many do not recommend cover sprays because of this 

uncertainty associated with their efficacy as well as the potential for drift during application that can 

adversely affect adjacent vegetation, water sources, and non-target insects. Be sure to contact you state 

agency for recommendations on insecticide treatments and never move forward as an unlicensed 

individual with application of products that require a licensed professional.  
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Chapter 2: An Overview of The Inventory Strategy 
   This inventory is essentially a three-stage process. Three stages may sound costly, but the first 

stage will more than likely be pre-existing, meaning the group/individual interested in inventorying ash; 

will already have this data available. Forestry departments for tribal affiliations are actively engaging in 

timber harvests on tribal lands and the associated cruising data can serve as an existing dataset. These 

existing datasets are used here to localize the efforts of the more extensive inventory stages that follow 

in this manual. Doing this can allow land managers to be more cost effective in their approach to 

inventorying their ash resource. As a bench mark for this existing data reference, I will outline the current 

timber cruising process being implemented on Passamaquoddy Tribal Lands by the Passamaquoddy 

Forestry Department. It is important to note that because this existing data is for areas set to be harvested 

this approach is opportunistic and will not inventory areas that are not set to be harvested.  However, the 

existing dataset could be number of things. Below are some of the more common datasets that may be 

at your disposal. 

¶ Timber Cruising Data 

¶ Continuous Forest Inventory Data (CFI) 

¶ Stand Type Mapping 

¶ LiDAR and Some Other Remote Sensing Strategies 

The above options are all widely available and common on managed forest lands across the state, 

with the exception being LiDAR, although a majority of the state has been flown with LiDAR. LiDAR stands 

for light detection and ranging, it is a remote sensing technology that can be very useful in forest inventory 

and mapping strategies. LiDAR mapping can create very fine textured mapping of topography and provide 

input into the determination of depth to water table. These are very useful in determining areas in which 

brown ash are more likely to occur. Vegetation indices are another remote sensing tool used to distinguish 

various vegetation, there may be an index that is strongly correlated to ash (Fraxinus) species and provide 
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input for delineating ash stands. This is not something that is known currently and is a future direction for 

researchers. Suzanne Greenlaw, a University of Maine Graduate Student, is working on developing a 

remote sensing model for mapping areas of basket quality brown ash. This could serve as a very useful 

tool in delineating ash stands and brown ash corridors and should be explored in the future as a potential 

mapping tool (Appendix 2).  

 

Stage 1 of Inventory (An existing dataset example) 
(Passamaquoddy Forestry Department Timber Cruising Protocol) 

Outline: Plots are laid out in a systematic grid pattern across the landscape at a spacing of 1 plot for every 

10 acres. This puts plots approximately 660 feet apart or 10 chains. Each individual plot is inventoried 

using a variable radius technique that utilizes a 15 basal area factor prism (BAF). Each plot visited, is 

assessed using a stand type coding system and operability is also assessed. Swinging the prism starting in 

the norǘƘ ŦŀŎƛƴƎ ŘƛǊŜŎǘƛƻƴ ŜŀŎƘ άƛƴέ ǘǊŜŜ ŜƴŎƻǳƴǘŜǊŜŘ ǿƘƛƭŜ ǎǇƛƴƴƛƴƎ ƛƴ ŀ ŎƭƻŎƪǿƛǎŜ Řirection is 

measured/assessed for designation of acceptable growing stock (AGS) / unacceptable growing stock 

(UGS), species, DBH, and products; the product designation is applied to each 8ft section along the stem 

and can include the branches on larger trees. Product designations can be cull, pulpwood, stud wood, log, 

or veneer specs. Notes can be made on regeneration and certain site characteristics at the discretion of 

the inventory personnel (Carle). If ash is noted during the inventory process or if actual data on ash is 

collected, then a series of follow-up questions should be answered. 

(If ash is present) follow-up questions:  

- What is the estimated number of years until next harvest/development/land-use change 

or conversion? 

- What is the relative level of human activity on or around the stand? 
o (ex. Hiking or biking trails, recreational trails, hunting and fishing access.)  

Think in terms of public visitation. If visits occur daily to weekly, then the rating is high; every other 

week to monthly is moderate, and every other month or longer between visits is a low rating. 
- What are the nearby major roads, developed areas, open areas, or surface water 

features? 

- What is the percent composition of ash? * 

- Is the woodlot connected to adjacent woodlots or is isolated?  

- What is the proximity of this stand to known EAB infestations? (measured in miles) 

- What is the proximity of this stand to known EAB quarantined areas? (measured in miles) 

* Metric derived from tree level data 
 

The Must Have Information Moving Forward 
 

Stage 1 is a pre-existing data set and can be a range of different things. What is important is that 

this pre-existing dataset is useful. Time is money, and inventory plots cost money to measure. So in the 

interest of time and money it is essential that you have certain information for moving forward to stage 2 

of this inventory. Luckily this information is fairly minimal and most preexisting data sources will provide 

it. You need to have aerial imagery (preferably leaf off imagery) for the potential ash stand. You need a 
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data source that can allude to the presence or lack thereof ash in the area and surrounding areas of the 

potential ash stand. If possible identify the percent composition of ash, as calculated in equation 2.1, for 

the given area. Lastly, if this pre-existing dataset is cruising data or CFI data you may have field notes from 

inventory personnel available, that indicate ash encounters. This can be very useful information in 

delineating ash stands. If this was not something practiced prior to the threats of EAB perhaps informing 

personnel of this practice can ensure that this resource is available in the future.  What this existing 

dataset ultimately provides is a means of localizing the more extensive inventory stages that follow.  With 

the PFD example a systematic spacing of 1 plot for every 10 acres will likely pick up any significant 

component of ash. Mapping out these areas can help to localize stages 2 and 3 of the ash resource 

inventory. Once this data is analyzed and you determine the area for which a significant ash component 

is present on your woodlot you can move on to stage 2. A significant ash component that would require 

a stage two inventory will typically have a percent composition of ash greater than or equal to 10%. As 

derived from the principal equation: 

Equation 2.1 

ὃίὬ ὖὩὶὧὩὲὸ ὅέάὴέίὭὸὭέὲϷ
ὅέάὦὭὲὩὨ ὃίὬ ὛὴὩὧὭὩί ὝὶὩὩί ὖὩὶ ὃὧὶὩ

Ὕέὸὥὰ ὛὸὥὲὨ ὝὶὩὩί ὖὩὶ ὃὧὶὩ
 

 

Disclaimer: The data outlined in this inventory are not necessarily essential to the management of every 

ŀǎƘ ǎǘŀƴŘΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀƴ ǳǇƭŀƴŘ ŀǎƘ ǎǘŀƴŘ ŘƻŜǎƴΩǘ ǊŜǉǳƛǊŜ ŀ ǎǘŀƎŜ о ƛƴǾŜƴǘƻǊȅ at all; a stand that does 

not ever want to implement artificial regeneration techniques or engage in the cooperative agreement 

associated with EAB bio-controls does not necessarily need to identify the species associated in the shrub 

layer. In order to avoid the collection of unnecessary data land managers should reference the back of 

this manual (Chapter 6), where each piece of data collected is justified and determine if the justification 

aligns with the management goals and objectives of the landowner(s). 

 

Red Flags to Look For 
 

Because of the variability of this existing data set, the usefulness of that dataset in setting up stage 

two of this inventory, is equally as variable. For that reason, it is important to be aware of data that is 

publicly available to you through the Maine office of GIS or federal and state agencies like the Maine 

Forest Service and the U.S. Forest Service. Additionally, Universities often will share data they are 

collecting and can provide tools and management information that can assist you in managing your ash 

resource. Much like any other career path, forest management and all other natural resource 

management, is a field in which you have signed up for a lifetime of learning. So, being up to date and 

caught up with the latest research will make you a better forester and natural resource manager. 
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Stage 2 of Inventory 
 

Outline: Now that a significant ash component has been identified, as determined by the percent 

composition for all ash species combined. Inventorying it in order to formulate an EAB response plan is 

the essential next step to protecting your ash resource. To not over complicate the inventory process 

adopting the same inventory strategy as in stage 1, but using a 20 basal area factor prism (BAF) prism with 

a plot for every 1.5 acres, appears to be the easiest and most obvious choice in inventory scheme/strategy. 

We are using a 20 BAF prism for two reasons. The first being to improve efficiency, the other is to align 

with the area-based requirements for NRCS inventory standards. They will fund projects on woodlots that 

have a plot for every 1.5 acres when at most a 20 BAF prism is used. Regeneration data will consist of a 

tally count by species for saplings that occur within the nested 1/100th acre plots (radius of 11.78 feet); 

alternative plot sizes can be substituted here. It is common to use a 1/217th acre plot as it has a radius of 

around 8 feet, allowing for quick establishment of plot boundaries using a stick marked at the appropriate 

length; an 8-foot stick is easier to carry in the woods than a 12-foot stick. It may be useful to utilize a 

collapsible fishing rod in this circumstance. In either case saplings are defined as all stems >0.5 in DBH and 

<4.5 in DBH.  Here there will be additional stand level info/data collected, additional plot level data 

collected, and additional tree level data collected. They are listed below. 

 

  Stand Level:  

¶ All the follow-up questions from stage 1 should be associated with this ash stand. 

¶ Map(s) showing depth to water table, drainage class, ponding frequency, and soil series 

¶ The percent composition of ash should be updated for the specific delineated ash stand. 

*  

¶ An overall product designation of cull, bolt wood, potential log, log, veneer, stud wood, 

and pulpwood on a per acre basis * 

¶ An age class and or size class distribution by species * 

¶ Percent composition of ash species on a per acre basis *  

¶ Percent composition of EAB infestation on a per acre basis * 

* Metric derived from tree level data 

  Plot Level:  

¶ Overall Topography (Slope, Aspect, Elevation) 

¶ Presence of any invasive species (note species if possible) 

¶ Microtopography (degree of pits and mounds) 

¶ Nested 1/100th acre circular regeneration survey plots 
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Tree level: 

¶ Live crown ratio 

o HCB (Height to Crown Base), Ht (Total Height), LCR (Live Crown Ratio) 

o ὒὅὙ 

¶ Diameter at breast height 

¶ Species 

¶ Overall product designation for the tree (See chapter 4 for reference) 

 

Tree Level (ash species only): 

 

¶ Is it a Male, Female, or Polygamous individual? 

¶ Monitoring: EAB signs and symptoms 

Signs: 

o Exit holes 

o Serpentine feeding galleries 

o Actual insect Identified (adult or larvae) 

o Egg masses 

Symptoms: 

o Flagging and/or die-back 

o Bark Splitting 

o Evidence of wood pecker feeding ƻǊ άōƭƻƴŘƛƴƎέ 

 

Takeaway for later stages: As you may have been able to assume, this stage sets up a focused inventory 

that will target brown ash. To do this brown ash corridors are identified using this stage two data and 

other publicly available data. Again, this focusing of efforts will allow natural resource managers and 

foresters to focus their efforts on inventorying the necessary areas only. 

 

Disclaimer: The data outlined in this inventory are not necessarily essential to the management of every 

ŀǎƘ ǎǘŀƴŘΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀƴ ǳǇƭŀƴŘ ŀǎƘ ǎǘŀƴŘ ŘƻŜǎƴΩǘ ǊŜǉǳƛǊŜ ŀ ǎǘŀƎŜ о ƛƴǾŜƴǘƻǊȅ ŀǘ ŀƭƭ; a stand that does 

not ever want to implement artificial regeneration techniques or engage in the cooperative agreement 

associated with EAB bio-controls does not necessarily need to identify the species associated in the shrub 

layer. In order to avoid the collection of unnecessary data land managers should reference the back of 

this manual (Chapter 6), where each piece of data collected is justified and determine if the justification 

aligns with the management goals and objectives of the landowner(s). 
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Stage 3 of Inventory 
 

Outline: The data collected in stage 2 will provide an excellent set of data for developing management 

regimes for upland ash components like white and sometimes green ash. Although stage 2 may have 

picked up some brown ash it can be difficult to implement a management plan for brown ash or lowland 

ash sites without delineating the natural boundaries of the lowland ash corridor and determining the 

specific characteristics of that wetland.  

In the case of no brown ash being picked up by field notes or the actual inventory data associated 

with stage 2 there would be no need to implement stage 3 of this manual. But if brown ash was noted 

during the stage 2 inventory or was picked up in the data collection; I recommend stage 3 be implemented 

on the areas you have identified as brown ash corridors.  

Delineating the edge of this corridor can be done prior to the third entry to the field, see the 

ǎŜŎǘƛƻƴ ƻƴ ά¢ƘŜ 5ŜƭƛƴŜŀǘƛƻƴ ƻŦ !ǎƘ /ƻǊǊƛŘƻǊǎέ ŦƻǊ ǊŜŦŜǊŜƴŎŜΦ ¢Ƙƛǎ ƛǎ ŀ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƳǇƻǊǘŀƴǘ ǎǘŀƎŜ for the 

tribal affiliates due to the cultural significance of brown ash. The better your understanding of these sites 

is, across your landscape, the better armed you will be for protecting and sustaining the longevity of the 

brown ash resource.  

Stage three has some economic implications as many would view this as the third time 

inventorying the same area; a waste of funds. I understand this argument and have chosen to implement 

a 3P inventory in the delineated brown ash corridors for that reason. A 3P inventory is very quick, efficient, 

and accurate. It is particularly useful in this application as It has been found to be effective in the inventory 

of rare species and it requires that every tree in the ash corridor be visited. Each tree that is visited in the 

corridor will get an ocular measurement or visual estimation of species, and DBH. For the purposes of this 

inventory estimations only need to be made for trees that appear to have a DBH of 4.5 inches or lager.  

For those trees that are visited, their DBH estimation will be transformed using Wykoff 

coefficients to give an estimated volume for the tree. If the transformed DBH yields a volume higher than 

ǎƻƳŜ ǊŀƴŘƻƳƭȅ ǎŜƭŜŎǘŜŘ ƴǳƳōŜǊ ōŜǘǿŜŜƴ л ŀƴŘ ǘƘŜ άY½έ ǾŀƭǳŜ ǘƘŜƴ ǘƘŜ ǘǊŜŜ ǿƛƭƭ ōŜ ƳŜŀǎǳǊŜŘ ŎƭƻǎŜƭȅ 

and iǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ άǎample ǘǊŜŜέ ƛƴ ǘƘƛǎ ƳŀƴǳŀƭΣ ŦƻǊ ŀŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ 3P and ǘƘŜ άY½έ ǾŀƭǳŜ 

please ǎŜŜ ǘƘŜ άоt ƛƴǾŜƴǘƻǊȅ ǎŜŎǘƛƻƴέ ƻŦ ǘƘƛǎ ƳŀƴǳŀƭΦ  

As ocular estimations are made while walking through the corridor from one end to the other a 

few the trees, ǘƘŜ άsample treesέΣ ǿƛƭƭ ōŜ ǎŜƭŜŎǘŜŘ ŦƻǊ ŀŎǘǳŀƭ ƳŜŀǎǳǊŜƳŜƴǘΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ 

ƳŜƴǘƛƻƴŜŘ Řŀǘŀ ǘƻ ōŜ ŎƻƭƭŜŎǘŜŘ ǘƘŜǊŜ ǿƛƭƭ ŀƭǎƻ ōŜ ǎƻƳŜ άǇƭƻǘ ƭŜǾŜƭέ Řŀǘŀ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŜŀŎƘ άǎŀƳǇƭŜ 

ǘǊŜŜέ which will be taken according to the surroundings of each site tree. The limiting distance of this 

άǎǳǊǊƻǳƴŘƛƴƎέ ŀǊŜŀ ƛǎ мл ŦŜŜǘΦ  ¢ǊŜŜ ƭŜǾŜƭ Řŀǘŀ ǿƛƭƭ ōŜ ŀƴŀƭȅȊŜŘ ǘƻ ǇǊƻŘǳŎŜ ǎƻƳŜ ǇŜǊ ŀŎǊŜ ƳŜǘǊƛŎǎΦ 

Regeneration data will be collected using 1/100th acre plots chosen at random from the ash corridor, these 

plots should occur once per every 1.5 acres. For efficiency as well as to avoid bias in the selection of 

regeneration survey areas, the plots should be selected prior to site visit and put on a GPS unit for ease of 

locating by inventory personnel.  

Regeneration data will consist of a tally count by species for saplings that occur within the 1/100th 

acre plots, as previously mentioned alternative plot sizes can be substituted. Saplings are defined as all 
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stems >0.5 in dbh and <4.5 in dbh.  All data mentioned above in stage 2, is also collected during stage 3. 

!ƴȅ Řŀǘŀ ǘƘŀǘ ƛǎ Ǉƭƻǘ ƭŜǾŜƭ ƛƴ ǎǘŀƎŜ н ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ άǎample treesέ ƘŜǊŜ ƛƴ ǎǘŀƎŜ оΦ ¢ƘŜ ŜȄŎŜǇǘƛƻƴ 

to that rule is the regeneration survey as that will be achieved with the random plots. The stŀƎŜ о άǇƭƻǘ 

ƭŜǾŜƭέΣ ŀƴŘ ǘǊŜŜ ƭŜǾŜƭ Řŀǘŀ ǘƘŀǘ ŀǊŜ ŎƻƭƭŜŎǘŜŘ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ Řŀǘŀ ŦǊƻƳ ǎǘŀƎŜ н ŀǊŜ ƭƛǎǘŜŘ ōŜƭƻǿΦ 

 

ά/ƻǊǊƛŘƻǊέ [ŜǾŜƭ 

¶ All the follow-up questions from stage 1 should be associated with this brown ash 

corridor. 

¶ The percent composition of ash should be updated for the specific delineated brown ash 

corridor. Reference equation 2.1 for calculation.  

¶ Instead of AGS1 and UGS1 an overall product designation of cull, bolt wood, potential log, 

log, veneer, stud wood, and pulpwood on a per acre basis* 

¶ An age class and or size class distribution by species* 

¶ Percent composition of ash species on a per acre basis* 

¶ Percent composition of EAB infestation on a per acre basis* 
*  Metric derived from tree level data 

 

 

 

  άtƭƻǘέ Level (taken according to the surroǳƴŘƛƴƎ ŀǊŜŀ ƻŦ ŜŀŎƘ άǎƛǘŜ ǘǊŜŜέύ: 

¶ Hydrological classification 

¶ Dominant shrub layer species 1,2, and 3 

¶ Dominant ground vegetation species 1,2, and 3 

¶ Presence of any invasive species (note species if possible) 

¶ Microtopography (degree of pits and mounds) 

¶ Randomly placed circular 1/100th acre regeneration survey plots* 
*  Lǎ άǇƭƻǘέ ƭŜǾŜƭ data not associated with the 10-foot ŎƛǊŎǳƭŀǊ άǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀέ ƻŦ ǎŀƳǇƭŜ ǘǊŜŜǎ 

 

Tree level (ocular estimates given for every tree ŀƴŘ ŀŎǘǳŀƭ ƳŜŀǎǳǊŜƳŜƴǘ ƎƛǾŜƴ ŦƻǊ ŜŀŎƘ άǎample ǘǊŜŜέύ: 

 

¶ Every tree in the corridor will be given ocular estimation of species and DBH 

¶ Live crown ratio 

o HCB (Height to Crown Base), Ht (Total Height), LCR (Live Crown Ratio) 

o ὒὅὙ 

¶ Diameter at breast height 

¶ Species 

¶ Overall product designation for the tree (See chapter 4 for reference) 
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Tree Level (άǎŀƳǇƭŜ treesέ that are ash species only): 

 

¶ Is it a Male, Female, or Polygamous individual? 

¶ Monitoring: EAB signs and symptoms 

Signs: 

o Exit holes 

o Serpentine feeding galleries 

o Actual insect Identified (adult or larvae) 

o Egg masses 

Symptoms: 

o Flagging and/or die-back 

o Bark Splitting 

o 9ǾƛŘŜƴŎŜ ƻŦ ǿƻƻŘ ǇŜŎƪŜǊ ŦŜŜŘƛƴƎ ƻǊ άōƭƻƴŘƛƴƎέ 

¶ Increment bore to measure growth increment (done for every 5th ōǊƻǿƴ ŀǎƘ άǎƛǘŜ ǘǊŜŜέύ*  

 
* If the stand is being attacked by EAB or is at high risk of attack (less than 10 miles from a known infestation). Then boring 

trees for ring width data is not recommended. 

At the completion of stage 3 recall ǘƘŜ ǘƘǊŜŜ ǉǳŜǎǘƛƻƴǎ ǊŜŦŜǊŜƴŎŜŘ ƛƴ ǘƘŜ ǎŜŎǘƛƻƴ ά.ŀŎƪƎǊƻǳƴŘ 

LƴŦƻǊƳŀǘƛƻƴ ƻƴ .ŀǎƪŜǘǊȅέ ŦƻǊ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ǎƛǘŜǎ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ōŜƛƴƎ ŀ ōŀǎƪŜǘ ǉǳŀƭƛǘȅ ōǊƻǿƴ ŀǎƘ (BQBA) 

site. The three questions were: 

¶ Is the diameter distribution shifted toward smaller diameters that would enable most individuals 

to carry 8-10 foot logs over their shoulder to a nearby accessible road?  

¶ Are the stems straight and true or are there many defects and sweep associated with the ash on 

the site?  

¶ In terms of site hydrology; is this site ǾŜǊȅ άǎǿŀƳǇȅέ ŀƴŘ ŦƭƻƻŘŜŘ ŦƻǊ Ƴƻǎǘ ƻŦ ǘƘŜ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ 

or is the site draining fairly well and serving more as a flood plain or outwash area? 

If the site has potential for being a BQBA site, then relay that information to basket makers and 

harvesters. 

 

Disclaimer: The data outlined in this inventory are not necessarily essential to the management of every 

ŀǎƘ ǎǘŀƴŘΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀƴ ǳǇƭŀƴŘ ŀǎƘ ǎǘŀƴŘ ŘƻŜǎƴΩǘ ǊŜǉǳƛǊŜ ŀ ǎǘŀƎŜ о ƛƴǾŜƴǘƻǊȅ ŀǘ ŀƭƭΤ ŀ ǎǘŀƴŘ ǘƘŀǘ ŘƻŜǎ 

not ever want to implement artificial regeneration techniques or engage in the cooperative agreement 

associated with EAB bio-controls does not necessarily need to identify the species associated in the shrub 

layer. In order to avoid the collection of unnecessary data land managers should reference the back of 

this manual (Chapter 6), where each piece of data collected is justified and determine if the justification 

aligns with the management goals and objectives of the landowner(s). 
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A look at The 3P Inventory Technique 
 

άоtέ ƛǎ ŀ ǾŜǊȅ ǾŜǊǎŀǘƛƭŜ ƛƴǾŜƴtory strategy based on the principal ƻŦ άǇǊƻōŀōƛƭƛǘȅ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ 

ǇǊŜŘƛŎǘƛƻƴέ (Iles 436). And has been said to have a wide range of potential application in all facets of 

natural resource management. It was first introduced in 1963 by L.R. Grosenbaugh at an annual Society 

of American Foresters meeting (Iles,2003; West, 2011). It is seemingly becoming more popular among 

forest inventory strategies over time, it is commonly implemented in areas that are small in size and have 

high value timber, and/or undiscernible boundaries (Bell, 1995). This essay will explore the basics of 

traditional or regular 3P inventory techniques and highlight the overall strengths and weaknesses of this 

inventory strategy. In closing this essay will summarize the use of 3P inventory techniques and their 

application in an Ash (Fraxinus) resource inventory strategy being implemented on the University Forest 

for the development of an emerald ash borer response plan for Native American tribes here in the state 

of Maine. 

To start, we will look at the basic scheme that is executed when applying a 3P inventory technique. 

[ŜǘΩǎ ǳǎŜ ŀƴ ŜȄŀƳǇƭŜ ǘƻ Řƻ ǘƘƛǎΦ [ŜǘΩǎ ǎŀȅ ǘƘŜǊŜ ƛǎ ŀ рл-acre woodlot that needs to be inventoried. There 

are several reasons as to why you might choose a 3P inventory technique to accomplish this and I will 

explain those later. What choosing 3P as your approach requires, is that every tree (maybe determined 

ōȅ ŀ ōǊŜŀƪ Ǉƻƛƴǘ ŘƛŀƳŜǘŜǊύ ǿƛǘƘƛƴ ǘƘŜ ǎǘŀƴŘ ƛǎ ǎŀƳǇƭŜŘΦ {ƻǳƴŘǎ ǾŜǊȅ ǘƛƳŜƭȅ ŀƴŘ ŎƻǎǘƭȅΣ ŘƻŜǎƴΩǘ ƛǘΚ .ǳǘΣ ƛǘ 

is in fact the opposite of that. Here is why. Every tree will receive an ocular or visual estimation of some 

metric, typically total volume / merchantable volume. The variable being estimated is sometimes referred 

to as the auxiliary variable and this can literally be any variable estimated in any units (West, 2011). This 

ŜǎǘƛƳŀǘƛƻƴ ƛǎ ǉǳƛŎƪ ŀƴŘ ŜŦŦƛŎƛŜƴǘ ŀƴŘ ŀƭƭƻǿǎ ǘƘŜ άŜǎǘƛƳŀǘƻǊέ ǘƻ ƳƻǾŜ ǘƘǊƻǳƎƘ ǘƘŜ ǎǘŀƴŘ ǉǳƛŎƪƭȅΦ bƻ ƻƴŜ 

person would estimate a tree the same volume as another; but that one person will typically be able to 

show consistency in their estimation of volume for that same tree. That consistency is what makes 3P 

possible. Now if an individual was consistent; they could most definitely still be wrong. But, that is okay 

because the estimates are adjusted using an average ratio between their estimate for the tree and the 

true measurement of the tree. To determine this ratio actual measurements, need to be taken. For this 

reason, all 3P inventory techniques are a 2-phase process. The second phase is done using a subset of the 

ǇƻǇǳƭŀǘƛƻƴΣ ǘƘŜȅΩǊŜ ƪƴƻǿƴ ŀǎ ǎŀƳǇƭŜ ǘǊŜŜǎ όLƭŜǎΣ нллоΤ ²ŜǎǘΣ нлммύΦ ¦ǎƛƴƎ ǘƘŜ Řŀǘŀ ŦǊƻƳ ȅƻǳǊ ǎŀƳǇƭŜ ǘǊŜŜǎ 

and the ocular estimates for that tree you can determine the ratio for which the estimate was off from 

the true measurement. Doing this for all the sample trees and averaging those ratios gives you the average 

amount your estimates are off. Using this average ratio, you can adjust the rest of your estimates to get 

them closer to the true measurement. Totaling your adjusted estimates can give you an estimate of the 

total volume for the 50-acre parcel based on measures of every tree in the stand (Isles, 2003).  

!ǎ L ƳŜƴǘƛƻƴŜŘ ŜŀǊƭƛŜǊ ǘƘŜ ōŀǎƛŎ ǇǊƛƴŎƛǇŀƭ ƻŦ ŀ оt ƛƴǾŜƴǘƻǊȅ ƛǎ άǇǊƻōŀōƛƭƛǘȅ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ 

ǇǊŜŘƛŎǘƛƻƴέΦ .ǳǘΣ ǘƘŜ ŜȄŀƳǇƭŜ ŀōƻǾŜ ŘƻŜǎƴΩǘ ŀƭƭǳŘŜ ŜƴǘƛǊŜƭȅ ǘƻ ǘƘƛǎ ǇǊƛƴŎƛǇŀƭΦ {ƻΣ ǿƘŀǘ ŜȄŀŎǘƭȅ ŘƻŜǎ ǘƘƛǎ 

mean? To answer this question, we must focus our attention on the selection of sample trees. Sample 

trees are selected using a comparison of your estimate to a random number. If your ocular estimate is 

larger than this random number, the tree is selected as a sample tree and you record the actual 

measurements. That random number ranges from 0 and your KZ or K+Z. This KZ range can be set arbitrarily 
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or calculated based on a rough estimate of ȅƻǳǊ ŜȄǇŜŎǘŜŘ ǘƻǘŀƭ ǎǘŀƴŘ ǾƻƭǳƳŜΣ ƻǊ ǿƘŀǘŜǾŜǊ ƳŜǘǊƛŎ ȅƻǳΩǊŜ 

looking at. Essentially what your KZ value does is set your sample size; the larger the KZ the fewer sample 

trees you will encounter during inventory and vice ǾŜǊǎŀΦ ¸ƻǳΩǊŜ ǎŀƳǇƭƛƴƎ ǘƻ ŎƻǊǊŜŎǘ ŀǎ I mentioned above, 

and the selection of those samples are determined using probability proportional to prediction; hence 

άоtέ όLƭǎŜΣ нллоύΦ  bŜȄǘΣ ǿŜ ǿƛƭƭ ƭƻƻƪ ŀǘ Ƙƻǿ ǘƻ ǎŜǘ ȅƻǳǊ ǎŀƳǇƭŜ ǎƛȊŜΦ 

In many cases you want to set your sample sizes due to a needed level of certainty / confidence 

interval or to meet the requirements set by your company or a cost share program. Because 3P is not 

widely accepted in forest inventory many cost share programs (Such as NRCS) and 3rd party certifications 

that have forest inventory standards do not accept 3P inventories. Unless a case is pleaded regarding the 

high level of accuracy executed by the 3P inventory. NRCS and other cost share programs that use an area-

based assessment of inventories do not typically set a certain number of sample trees per acre for 3P 

inventories; but as this technique builds its popularity that may be a future direction (Weiskittel). To set 

your sample size a rough idea or estimate of the total for whatever metric you are estimating is needed. 

For example, if you know the 50-acre woodlot should yield near 30,000 BF and you want to sample 25 

trees throughout the inventory process. You would want to use the principal equation of   ὑὤ
 

 Π   
 ; this would yield a KZ of 1200. If the estimated volume of a given tree is 

equivalent to or greater than a randomly generated number between 0 and 1200, or the KZ value, than 

that tree is selected as a sample tree and an actual measurement is made (Iles, 2003). 

When implementing a 3P inventory the random number and volume estimations may seem to be 

tedious and challenging to execute and compare in the field. This is an issue that has been trouble shot 

over the years and is well streamlined at this point. Most commercial level implementations of 3P utilize 

a program that will simply take the height and/or DBH estimates and produce a number via volume tables 

to be used in the comparison to a random number and advise you to measure or not (Iles, 2003). In the 

ŜŀǊƭȅ ȅŜŀǊǎ ƻŦ оt ǘƘƛǎ ǿŀǎƴΩǘ ŀǾŀƛƭŀōƭŜ ŀƴŘ ǊŀƴŘƻƳ 

numbers were generated ahead of time and printed 

out as lists for in field comparison. The estimator crew 

would use their estimates and manually generate a 

number for comparison using the local volume tables. 

This can be a bit more time consuming and requires the 

estimator to keep track of what random numbers to 

use for comparison but just like any other strategy you 

become more efficient with practice.  

 

A study by Thomas E. Burk used a very straight 

forward and versatile volume table to do this. The 

volume table can be seen below in table 1; Burk notes 

that it is an extended and interpolated version of 

Gervorkiantz and Olsens table 11 (1955). A table like 

this is useful in circumstances where volume estimates 
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ŀǊŜ ƴƻǘ ǿŀƴǘŜŘ ŀǎ ǘƘŜȅΩǊŜ ƴƻǘ ƴŜŜŘŜŘ ƻǊ ǿƛƭƭ ōŜ ŎŀƭŎǳƭŀǘŜŘ ŀǘ ǘƘŜ ŎƻƳǇǳǘŜǊ ŦƻƭƭƻǿƛƴƎ ƛƴǾŜƴǘƻǊȅΦ LƴǎǘŜŀŘ 

all that is collected in the field are DBH measures; in these case Iles recommends utilizing a technique 

referred to as transformation of the random number. This allows you to use the DBH of a tree directly for 

the determination of its selection as a sample tree. The estimated DBH is compared to a T-value. Which is 

commonly generated using a volume table, such as the one Burk used, to indicate the DBH that would 

generate a volume equivalent to the random number generated from 0 to KZ. These transformed random 

numbers are printed on a list and used for easy comparison in the field (Burk,2012; Iles, 2003).   

When choosing whether to implement 3P, it is important to first determine if the given area or 

situation is well suited for 3P. Here are some scenarios where 3P is an obvious choice. If the stand is 

already requiring that you visit every tree in the stand for marking purposes, then it would be an obvious 

choice to implement 3P. In addition, if the area is small in size the task of visiting every tree within the 

ŀǊŜŀ ƛǎ ƴƻǘ ŀǎ ŘŀǳƴǘƛƴƎ ŀ ǘŀǎƪ ŀǎ ƛǘ ǿƻǳƭŘ ōŜ ƛƴ ŀ ƭŀǊƎŜ ŀǊŜŀΦ LŦ ǘƘŜ ŀǊŜŀ ƛǎ ǎƳŀƭƭ ŀƴŘ ȅƻǳΩǊŜ ŎƘƻƻǎƛƴƎ ǘƻ 

inventory it. Then a high level of precision is probably desired; 3P can deliver that high level of precision 

ōŜŎŀǳǎŜ ȅƻǳΩǊŜ ǾƛǎƛǘƛƴƎ ŜǾŜǊȅ ǘǊŜŜ ǿƛǘƘƛƴ ǘƘŜ ǎǘŀƴŘΦ LŦ ǘƘŜǊŜ ƛǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛǎǎǳŜ ǿƛǘƘ ŜŘƎŜ ŜŦŦŜŎǘ ƛƴ ǘƘŜ 

stand 3P can account for that variability around the boundary as well as any other variability across the 

area by assessing every tree within the stand; assuming that the estimator can be consistent in their ratio 

of estimate to true measurement (Isles, 2003). 

In the case of this inventory, it is brown ash corridors that are best inventoried using 3P. As 

mentioned before, brown ash has a serious cultural significance to the tribe and some basket makers even 

make an honest living producing baskets for basket shows throughout the year (Newell). But other than 

those select few basket makers there is little economic value in brown ash. Generating an inventory of 

these corridors as a result requires a cost benefit analysis that accounts for that cultural aspect. To make 

that analysis more favorable for the implementation of the inventory, using 3P which requires little time 

and resources to implement is an obvious choice. The other two major benefits for using 3P here are that 

you are visiting every tree in the area for EAB monitoring purposes and all the while capturing inventory 

of the rare species that occur in the area. As I have mentioned before Brown ash is a rare species but 

ǿƘŜƴ ȅƻǳΩǊŜ ƛƴǾŜƴǘƻǊȅƛƴƎ ŀ ōǊƻǿƴ ŀǎƘ ŎƻǊǊƛŘƻǊΣ ōǊƻǿƴ ŀǎƘ ƛǎ ƴƻ ƭƻƴƎŜǊ ǘƘŜ ƳƛƴƻǊƛǘȅΣ ƛǘ ƛǎ ǘƘŜ ƳŀƧƻǊƛǘȅΦ оt 

will pick up many of the alternative species (the minority) that occur within the corridor and allow 

managers to determine what species to promote as a replacement of brown ash considering EAB impacts. 

This has been seen to be the most successful management strategy in improving a stands resilience to an 

EAB attack. Now in this example we are not interested in the volume of the of stand per say but that 

information is useful, we really just want to know the density of ash and develop a diameter distribution 

with that information. 3P does this wonderfully. The use of 3P as described above, makes a 3P inventory 

technique an obvious choice in the development of an EAB response plan for the Native American tribes 

of Maine. 
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The Delineation of an Upland Ash Stand 
 

This is done using three data sources for a post stratification. The three data sources you will utilize 

will be: 

1.) The pre-existing data source mentioned in the outline for stage 1. Which in the example for the 

stage 1 outline was cruising data. 

 

2.) (When available) Any field notes taken traveling from plot to plot by inventory personnel 

 

3.) And lastly aerial imagery, just to discern hardwood from softwood. (So preferably leaf off 

imagery.)  

 

This information can be synthesized in a GIS to help in the delineation of an ash stand. The exact 

boundaries of the stand can be reestablished with a site visitΦ LŦ ŀ ǎƛǘŜ Ǿƛǎƛǘ ƛǎƴΩǘ ŘƻƴŜ ƛǘ Ƴŀȅ ƳŀƪŜ ǎŜƴǎŜ 

when implementing stage 2, to skip any measurements on plots where no ash species are present to 

improve efficiency, remember to make a note that no data was collected at the plot because of an absence 

of ash. Use these void plots to adjust the boundaries and area of the ash stand for mapping purposes. 

Because of previous timber harvests foresters and other staff that have been working the property for 

several years may know where these stands are, utilize that knowledge. Another source of information is 

basket makers and harvesters. They all have areas where they like to go and harvest their ash. The 

locations may be secretive but as the threat of EAB approaches for the sake of the ash resource these 

stand will likely become known. Inventorying them is a priority when that time comes. To help facilitate 

this interaction with basket makers and harvesters see the section ά!ƴ !ǎƘ IŀǊǾŜǎǘ tǊƻǘƻŎƻƭ ŦƻǊ ¢Ǌƛōŀƭ 

[ŀƴŘǎέ in chapter 5 of this manual. There are a lot of similarities between this and the process for the 

delineation of brown ash corridors. But, there is some additional resources involved with brown ash 

corridors, I will elaborate on that in the next section. With that being said; the figures and maps used in 

the next section can be useful guides for delineating upland ash stands. 

The Delineation of a Brown Ash Corridor 
 

To focus efforts for stage 3, identifying the areas where brown ash is occurring is essential. This is 

done using 3 sources of information to post stratify your stage 2 inventory. Those data sources are shown 

below. 

1.) Soils information  

2.) National Wetlands Inventory Information 

3.) Stage 2 data and field notes. 

Brown ash is commonly associated with sites that have certain soil types that fall within the soil orders 

of Histosols and Entisols, both orders are present in Maine (Wright and Rauscher,1981). Typically map 

units for soil surveys use the broadest classification of soils, that being a soil series complex. Soil series 

can contain soil types from classified as Histosols/Entisols or not. This means it can be difficult to 

determine if the map unit classification of your soil series complex is predominantly a Histosol or Entisol. 
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As a rule of thuƳō ǿŜ ƪƴƻǿ ǘƘŀǘ Iƛǎǘƻǎƻƭǎ ŀǊŜ άƻǊƎŀƴƛŎ ǎƻƛƭǎ ŎƻƳƳƻƴƭȅ ƪƴƻǿƴ ŀǎ ǇŜŀǘ ōƻƎǎ ƻǊ ƳǳŎƪȅ 

ǎƻƛƭǎΣ ōǳǘ ƛƴŎƭǳŘŜ ǎƘŀƭƭƻǿ ŘŜǇƻǎƛǘǎ ƻŦ ƻǊƎŀƴƛŎ ƳŀǘŜǊƛŀƭ ŀōƻǾŜ ōŜŘǊƻŎƪέ ŀƴŘ 9ƴǘƛǎƻƭǎ ŀǊŜ άƳƛƴŜǊŀƭ ǎƻƛƭǎ ƛƴ 

ǿƘƛŎƘ ǘƘŜǊŜ ƛǎ ǾŜǊȅ ƭƛǘǘƭŜ ŜǾƛŘŜƴŎŜ ƻŦ ǎƻƛƭ ŘŜǾŜƭƻǇƳŜƴǘέ (Ferwerda et al.,1997). Knowing this and knowing 

the area you are inventorying well, can help you determine which map units from a soil survey would 

most likely be predominantly a Histosol or Entisol. To help in that delineation the table below shows soil 

series that are common in Maine and that are typically associated with lowland sites and flood plains 

where brown ash is more likely to occur. 

Table 2.1 

 Lowland sites Flood Plains 

Map Unit Name Swanville-Boothbay-
Biddeford 

Scantic-Lamoine-Buxton-
Lyman 

Nicholville-Buxton-
Dixfield-Scantic 

Cornish-Fryeburg-
Podunk-Ondawa 

Data Source: Maine Department of Agriculture and Forestry and the U.S. Department of Agriculture 

You should use the above table to determine where these soils occur on your ash stand. Soils 

information for your area can be acquired using the USDA web soil survey (WSS) application at the 

following link: https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm
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Figure 2.1 
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The web soil application can be very useful in making maps and delineating brown ash corridors 

for the purposes of this inventory. In the appendix of this manual you can find a publication that walks 

you through the process of accessing this information and downloading it for use in a GIS (Appendix 9). 

The primary data found on the USDA WSS that you would be interested in for this inventory, are soil series 

classifications, depth to water table, drainage class, and (if available for the area of interest) ponding 

frequency. When delineating the boundaries of an ash corridor you can use these soil series polygons and 

their associated depth to water table or drainage class rating/ponding frequency to aid in setting the 

boundaries for the corridor.  

National wetlands inventory (NWI) data is publicly available online for download. These wetland 

ŘŜƭƛƴŜŀǘƛƻƴǎ ǿŜǊŜ ŘƻƴŜ ǘƘƻǳƎƘ Ǿƛǎǳŀƭ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŀŜǊƛŀƭ ƛƳŀƎŜǊȅ ǇǊƛƳŀǊƛƭȅ ƛƴ ǘƘŜ мфулΩǎΦ {ƻƳŜ ǎƳŀƭƭ 

percent of the classified wetlands may be ground truth verified, but many are not. Even with that being 

so, NWI layers will identify many of the areas where brown ash is occurring simply due to their ties to the 

sites hydrology. The boundaries set by NWI layers can also be used in aiding in the delineation of brown 

ash corridor boundaries. In the appendix of this manual you can find a publication that walks you through 

the process of accessing this information and downloading it for use in a GIS (Appendix 10).  Your stage 2 

data, like in the delineation of an ash stand, serves as a vital resource in post stratification. Using the 

information from stage 2 plots you can run queries in a GIS to determine which plots had brown ash 

present. This information, along with GPS points tied to the locations of areas where inventory personnel 

noted brown ash encounters, can be used to further delineate the boundary of your brown ash corridor.  

Above on page 34, figure 2.1 displays a series of snapshots that visually explain the above process of using 

all three data sources to delineate the boundaries of a brown ash corridor. To show how successful this 

strategy can be in comparison to going out in the field and visually setting the boundaries for which ash is 

occurring, figure 2.2 shows a comparison of an in-field and remotely delineated ash corridor. The results 

highlight the efficacy of this process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 
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Chapter 3: A Closer Look at Stage 2 
 

Essential Equipment 
 

 To implement stage two, you will need the following equipment: 

¶ A GPS and Compass for navigation 

¶ 20 Basal Area Factor Prism 

¶ Calipers or Diameter tape 

¶ 100-foot linear tape for height estimations and measuring regen plot radius 

¶ Clinometer for height estimations 

¶ Flagging (assorted colors as needed) 

¶ Plot pins (posts and tags for permanent plots) 

Alternatives to this equipment do exist. It may be a good idea to carry binoculars for looking at the 

canopy of ash trees for determining male, female, or polygamous individuals as well as to distinguish the 

three ash species from one another. A stage 2 data spread sheet is shown below and is referenced in the 

step by step process below. For collection of this data printing out this provided datasheet is 

recommended. You can access the data sheet by downloading it from the CD that is included in the front 

of this manual. 
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A Step by Step Process at The Plot 
 

This section will take you to through a chronological step by step process at the plot level. 

1. Navigate to the GPS coordinate for plot center, mark it with a plot pin. 

2. Record plot level data of aspect, % slope, elevation, Presence of Invasive species (Indicate species 

when possible), and lastly the microtopography of the plot. Put this info into columns B,C,D,E, and 

F of the stage 2 data sheet respectively. 

a. Common invasive species of Maine: 

¶ Japanese and Shrubby 

Honeysuckle 

¶ Autumn Olive 

¶ Bittersweet 

¶ Common and Glossy 

Buckthorn 

¶ Burning Bush 

¶ Japanese Knotweed 

¶ Japanese Barberry 
Data Source: Maine Natural Areas Program 

The following link has additional information on the above invasive species: 

https://www.maine.gov/dacf/mnap/features/invasive_plants/invasives_gallery.htm 

b. Microtopography chart: 

 

Table 4.1 

Code Description: 

SM Smooth 
Few or no mounds; if present, less than 1 ft. high and more than 20 feet 
apart. 

MO Moderately mounded 
Mounds 1 ft. to 3 ft. high and 10 to 20 feet apart 

ST Strongly mounded 
Mounds 1 ft. to 3 ft. high and less than 10 feet apart 

EX Extremely mounded 
Mounds more than 3 ft. high 

Data Source: Province of British Columbia; Resource Inventory committee 

Note: Percent slope and elevation are often times available on your GPS ǳƴƛǘΦ LŦ ƛǘ ƛǎƴΩǘ 

you can determine it using a topographical map or in a GIS program. If necessary, the 

clinometer or your compass may be used to determine this. Remember the equation is, 

Ϸ ίὰέὴὩ
 

 
 , as long as the same units are being used for both rise and run. 

 

3. Using a 20 BAF Prism face the north direction and swing your prism clockwise to determine your 

ŦƛǊǎǘ άƛƴέ ǘǊŜŜΦ ¢ƘŜ ŦƛƎǳǊŜ ōŜƭƻǿ ƘŜƭǇǎ ǿƛǘƘ ŘŜǘŜǊƳƛƴƛƴƎ ŀƴ άLƴέ ǘǊŜŜΦ 

Figure 4.1 

https://www.maine.gov/dacf/mnap/features/invasive_plants/invasives_gallery.htm
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4. !ƴ άLƴέ ǘǊŜŜ ƛǎ ŜƴŎƻǳƴǘŜǊŜŘΣ ǊŜŎƻǊŘ ǎǇŜŎƛŜǎΣ 5.IΣ ŀƴŘ ƎƛǾŜ ŀn overall product designation for the 

tree, using it is appropriate number code. section into the stage 2 data spread sheet. The product 

designations are as follows: 

 

 

               Table 4.2 

Number 
Code 

1 2 3 4 5 6 7 

Product 
Designation 

Veneer Saw log pallet bolt wood pulp Potential 
Log 

Cull 

 

5. LŦ ǘƘŜ άLƴέ ǘǊŜŜ ƛǎ ŀƴ ŀsh species indicate when possible if the individual is male, female, or 

polygamous by putting an M,F, or P into column M of the data sheet (Binoculars are useful here). 

Then check for any EAB signs or symptoms. If any of the symptoms seen in columns N through T 

are observed input a 1 in the stage 2 data sheet, otherwise leave it blank. 

6. Every 10th άƛƴέ tree is assessed for height and height to crown base. This is done using the 

clinometer at some known distance from the tree, as measured using the linear tape. This data 

is recorded in columns K and L of the stage 2 data sheet. 

7. Once all tree level data is collected the regeneration survey is done. From the plot center the 

linear tape is stretched out to 11.78 feet in all four cardinal directions (north, east, south, and 

west) where flagging is hung to establish the boundaries of the 1/100th acre circular regeneration 

plot. 

8. The associated plot number, and a count of sapling stems for each species that occurs in the plot 

is tallied and recorded in the regeneration data sheet in columns A, B, and C respectively. 

9. Move on to the next plot. 

 

 

 

 

 

 



41 
 

Stage 2 Data Sheet 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regeneration Data Sheet 

 

 

 

 

 

 

 

 

Red Flags to Look For 
 

Although noting the occurrence of brown ash may seem to be a minor and somewhat optional 

practice in implementing this inventory, it can be a very vital resource in setting the boundaries of the 

ōǊƻǿƴ ŀǎƘ ŎƻǊǊƛŘƻǊ ŦƻǊ ǎǘŀƎŜ оΦ ! ǎƛƳǇƭŜ ƴƻǘŜ ƭƛƪŜ άwhile traveling to plot 8 there were brown ash in the 

terraces associated with the stream dumping into the Stillwater River. At plot 8 the ash was at a low 

density but occurred once up stream toward college avenue and several times down stream of plot 8. No 

brown ash were sampled at plot 8.έ ǘŀƪŜǎ ƴƻ ƳƻǊŜ ǘƘŀƴ ŀ ол ǎŜŎƻƴŘ ǘƻ ǊŜŎƻǊŘ ƻƴŎŜ ŀǘ Ǉƭƻǘ у ōut it tells 

the individual creating the map of the brown ash corridor that the area just downstream of plot 8 can 

serve as an excellent boundary point for the brown ash corridor. That leads to less time inventorying areas 

ǿƘŜǊŜ ŀǎƘ ƛǎƴΩǘ ƻŎŎǳǊǊƛƴƎΣ ǿƘƛŎƘ Ƴeans less money and resources are being used in the inventory of the 

ash resource and those resources can be used elsewhere.  

It is also important to note that in many circumstances where a resource is under immediate 

danger of attack by a tree pest, efforǘ ǘƻ ŎŀǇǘǳǊŜ ǾŀƭǳŜ ŀƴŘ άǎŀƭǾŀƎŜέ ƘŀǊǾŜǎǘ ŀŦǘŜǊ ŀǘǘŀŎƪ Ŏŀƴ ǉǳƛŎƪƭȅ ƎŜǘ 

out of hand. In order to effectively manage the longevity of your ash resource it is ecologically and ethically 

responsible to maintain a population of ash in your stand. These trees that are kept are often referred to 




















































































































































































































































